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Richard M. Murray

23 October 2006

Goals

• Introduce the tools we will use for working across teams and subteams

• Review the information that we presented to DARPA

Agenda

  12:00 Goals, agenda and notetaker

  12:05 Collaboration tools: wiki, bugzilla, mailing lists, best practices

  12:30 DARPA contract presentation

  12:55 Adjourn

HW #3 due at 5 pm; HW #4 available on the web
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Wiki

Group web page

• Keeps track of all notes and 
documentation on the project

• Can be edited by anyone with 
an account

• Allows searching, linking, 
figures, etc

Conventions

• Make your page titles 
description and unique

• Dates: 2006-10-23 at end of 
title

Advanced Features

• Watch lists - get e-mail when 
pages change

• Templates: allow you to 
include macros on pages

http://gc.caltech.edu/wiki
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Bugzilla

Bug/task tracking tool

• Keeps track of all open tasks

• Sends e-mail to reporter, 
owner, CCs when changed

• Can set severity, depend 
bugs, current status, etc

2005 usage

• 2776 bugs in database

• 97 currently active

• 58 marked new (unassigned)

Planned usage

• Use to keep track of all open 
bugs/times for Team Caltech

• All team members need 
accounts + familiarity

http://gc.caltech.edu/bugzilla
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Mailing Lists, Alice Docs, Coding standards

Mailing lists

• team-students: everyone 
actively working on the 
project; 1-2 msgs/day

• team-volunteers: part-
time volunteers (usually 
off campus); 1-2 mgs/
week

• help: sys admins

• Race team lists: mission, 

navigation, operations, 

sensing - use to com-
municate with team

Usage notes

• Messages will be held 
for approval if you aren’t 
on the list (or use a 
different e-mail)

• Don’t assign a bug to a 
mailing list (OK to cc)

Alice documentation

• All projects, modules, 
libraries, etc should have 
a wiki page

• Top level documentation 
on Alice goes on the 
Alice documentation 
page

• Checklists: use to keep 
track of what needs to 
be done to run Alice

Usage notes

• Need someone (group?) 
to think through wiki 
guidelines

• If you see an obsolete 
page, mark as obsolete 
and merge info onto 
proper page

Coding standards

• Use standard linux tools 
(makefiles, gdb, etc)

• All code goes in 
subversion repository

• Code format and 
guidelines documented 
on the wiki: [[Coding 
Standards]]

• Classes and functions 
documented using 
doxygen; API 
documentation available 
on the web
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Best Practices for Teams

Meetings

• Meetings should be announced via e-
mail ahead of time, with goals and 
agenda

• Agenda item #1: goals and agenda

• Someone should be designated to take 
notes and post to wiki

Documentation

• Documentation is critical if you want your 
work to be used by others

• Don’t wait until the end to document; 
document as you go

• All documentation belongs in the Wiki 
(searchable, revision tracking, etc)

Subversion

! All source material (code, design, 
anything that changes over time) should 
be archived via Subversion

! We will use YaM on top of subversion to 
manage our code base

! More on using Subversion/YaM in a few 
weeks

Bugzilla

! Use bugzilla to keep track of all tasks 
and status on tasks

! Update bugzilla entries before team 
meetings, when possible

! More on Bugzilla next week
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2007 Urban Challenge Participation

Track A: $1M grant from DARPA

• Proposal due 23 June 2006; up to $1M + any additional fundraising

• Award based on technical approach, management and funding plan, strength of team

Track B: no DARPA funding; similar to last year (application, site visit, NQE, GCE)

• $50K award for getting to NQE, $100K award for getting to race

• Application due 5 Oct, with video, technical paper due in Feb 07; site visits in Jun 07

Changes from last year

• Use of government resources OK with permission from sponsors

H.R. 5122 Sec. 252 (Oct 06): DARPA not allowed to give prizes; shifted to DDR&E

Milestone 2BAA

Announcement Participants Site Visits

Awards

FINAL

EVENT
October 5, 2006

June 23, 2006

May 20, 2006

Milestone 3

NQE

Milestone 4

November 3, 2007

September 2006

May 1, 2006

May 1, 2006

Track A

Track B
Conference

June - July 2007

June - July 2007
October 21-31, 2007

Announcement

BAA Milestone 1

Announcement Participants

Proposals Due

Site Visits

Awards

October 2006

October 5, 2006

June 23, 2006

May 20, 2006

Milestone 3

NQE

Milestone 4
September 2006

May 1, 2006

May 1, 2006

Track A

Track B
Applications Due

Conference

June - July 2007

June - July 2007
October 21-31, 2007

Announcement

Milestone 2BAA

Announcement Participants Site Visits

Awards

FINAL

EVENT
October 5, 2006

June 23, 2006

May 20, 2006

Milestone 3

NQE

Milestone 4

November 3, 2007

September 2006

May 1, 2006

May 1, 2006

Track A

Track B
Conference

June - July 2007

June - July 2007
October 21-31, 2007

Announcement

BAA Milestone 1

Announcement Participants

Proposals Due

Site Visits

Awards

October 2006

October 5, 2006

June 23, 2006

May 20, 2006

Milestone 3

NQE

Milestone 4
September 2006

May 1, 2006

May 1, 2006

Track A

Track B
Applications Due

Conference

June - July 2007

June - July 2007
October 21-31, 2007

Announcement

 
Figure 1  Relationship between Tracks A and B. 

 
3. What are the eligibility requirements?  

 
An organization may field one team, and that team may participate on one track only.  Each team 
leader must be a U.S. citizen.  This individual must be at least 21 years of age on the date the 
application or proposal is signed.   The use of Government assets or resources is not restricted for 
the development or testing of the vehicle.  Teams from outside the United States may participate 
provided they meet all eligibility requirements.  
 

Guidelines for participation on Track A are available in the Proposal Information Package (PIP), 
at www.darpa.mil/baa.  Guidelines and rules for participation on Track B will be released prior 
to the Participants Conference on May 20, 2006, where additional information regarding the 
program will be discussed. 
 
4. Where and when will the Urban Challenge take place? 

  
The Urban Challenge final event will take place on Saturday, November 3, 2007 at a location in 
the western United States.  The exact location will be announced before NQE. 
 
NQE will take place October 21-31, 2007, prior to the Urban Challenge final event.  The location 
is to be announced.  
 
5. What are the prizes? 

 

Teams from either track can win $2 million, $500,000, or $250,000 for first, second, or third 
place respectively at the Urban Challenge final event.   
 
A team from Track B will be awarded $50,000 if it qualifies as a semi-finalist (selected for NQE) 
and $100,000 if it qualifies as a finalist (selected for the Urban Challenge final event).  
 
6. What are the options on Track A?   

 
BAA 06-36 and the PIP describe the format and instructions for submission of a Track A 
proposal for funds to develop an autonomous vehicle for the Urban Challenge.  Proposals must 
stipulate either an Other Transaction (OT) agreement or a Federal Acquisition Regulation (FAR) 
contract.    Figure 2 further illustrates the participation process. 
 
The OT format is applicable only if a significant proportion of the contracted effort is performed 
by a nontraditional contractor, or the proposer contributes at least 33% of the award funds in a 
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Program Overview

Team Caltech: Caltech/JPL and Northrop Grumman

• Caltech campus: Faculty, students and staff

• Caltech JPL: Robotics and software researchers

• Northrop Grumman: Navigation, systems engineering

Key Deliverables

New technologies for mission and contingency management

• Reason about complex, uncertain, spatio-temporal environments 

• Decision-making for safe and efficient execution of autonomous missions

• Contingency planning for operation in complex uncertain positions

Distributed sensor fusion, mapping, and situational awareness

• Extend prior work at Caltech/JPL to work in a highly dynamic, urban environment

• Multi-layer decomposition of sensed environment with multi-level planning

Real-time, optimization-based navigation

• Extend previous work at Caltech/NGC to handle moving vehicles, traffic laws

7
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Key technical areas (focus of new research)

• Reasoning: decision making in presence of uncertainty

• Sensing technologies: characterization, detection, tracking, fusion

• Planning technologies: route, traffic, path

Vehicle Development Plan: Overview

8

Feature
Classificat’n

Elevation
Mapping

Obstacle
Detect/Track

LADAR (6)

Stereo/Road
Finding

Gimbaled
Sensor

Urban Environment

Traffic

Speed

Obstacle

Path
Planner

Path
Follower

Actuation
Interface

Traffic
Planner

Mission
Planner

Vehicle 
State

Vehicle

Sensing

Navigation

Mission

Process
Manager

World
Map

Health
Manager

GUI



Richard M. Murray, Caltech CDSTeam Caltech, 18 Oct 06 9

Mission Management

• Mission Planner performs high level decision-making aka mission management 

• Roadblock " Execution failure " Mission manager invokes path replanning

• Critical capability for dealing with other agents in traffic

- Will control execution of path following & planning (multi-point turns)

- Will encode traffic rules

- Will coordinate vehicle avoidance strategies (passive, active avoidance)

Mission Planner 
moderates driving 
policies (e.g. other 
vehicles approach)

Mission Planner invokes 
replan after unexpected 

obstacles
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Sensing

Hardware

• LADAR/LIDAR/lasers, 
stereo vision, RADAR?

• Dedicated hardware 
interfaces (serial, 
ethernet, firewire)

Feeders

• First level software inter-
face; extract low level fea-
tures: pt clouds, range, ... 

Perceptors

• Extract higher level 
features: lanes, cars. elev

10
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Optimization-Based GNC

Build on previous research at Caltech and Northrop Grumman

• Nonlinear trajectory generation (NTG) software developed under DARPA SEC

• Software tested on F-14/T-33 testbed (SEC) + DGC05

Extensions using NURBS (Non-uniform rational B-splines)

• Allows specification of spatial constraints with all paths lying in convex hull

• NGC to develop technology in-house and transition to Alice

11
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Operations
(project manager)

• Computer modeling
• Test infrastructure
• Data logging/analysis
• Vehicle hardware

Navigation
Joel Burdick

• Traffic planning
• Path planning
• Feedback control
• State estimation

Sensing
Andrew Howard

• Sensor HW/SW
• Mapping database
• Attention and pointing
• Sensor replay

Mission Mgmt
Steve Chien

• Mission/goal mgmt
• Contingency mgmt
• Process management
• System health

Integrated Product Team

Management Plan

DARPA contract support ($1M)

• 1 FTE postdoc (project manager)

• 4 FTE graduate students

• 1 FTE JPL reseacher

• 6 UG work study

• ~$150K equipment, $30K operations

Additional support ($300K)

• 4 Caltech faculty, 30-40 UG (teaching)

• ~1 FTE NGC (internally supported)

• ~1 postdoc (industry), 4 GRA (fship)

• 12-24 SURF students (industry)

• $175K equipment (INS, sensing)
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Team Caltech, 2006-07

Goal: design, build and 
document an autonomous 

ground vehicle that can win 
the 2007 Urban Challenge 

Summer              Fall            Winter        Spring         Summer          Fall  
2006 2007

Conceive Design Implement Optimize

JPL/NGC + additional partners

Autonomous 
Vehicles SURF
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7
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Project Timeline

14

1.
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Internal Demonstration D1

Goals

• Demonstrate the ability to accomplish the basic navigation tasks

• Primary focus will be the ability to obey the rules of the road

• Provide initial evaluation of the fused static mapping and road maps, as well as the 
integration of road rules into the route, traffic and path planning modules

Specific objectives:

• Preparation for run and mission start (A1, A2)

• Basic path planning/following capability (A3, A4, A5, A8)

• Acceptable delay (A6) - begin execution of path w/in 10 sec of arriving at intersection

• Basic obstacle avoidance (A7, A9) - maintain proper separation, avoid collisions

• Lane maneuvers (A10, A11) - pass vehicle while maintaining separation, lane rules

• U-turn (A12): perform a U-turn on a 9 meter wide road within a 30-meter road length

• Road following (C5): demonstrate ability navigate roads with sparse waypoints  

Implementation Review: 15 Nov 06

Field test: 11-12 Dec 06

15
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Test Facilities

St. Luke test site

• Caltech owned properly; 
about 15 minutes away

• Provides a small test area 
where we can do develop-
ment, benchmarking, etc

• Provides power, networking, 
facilities, security, etc

• Some scheduling issues due 
to use by filming companies 
(eg, today)

Santa Anita test site

• Large parking lot within 15 
minutes of Caltech

16

Additional test sites and plans

• Exploring possibilities for using “movie ranch” (eg, 1950s town) or county fair area

• Joint testing with Golem group
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Independent Test Team (ITT)

Testing Philosophy

• All testing is done using the RNDF 
and MDF file formats as input

• Ensures that parsing of the data files 
is a fundamental part of all tests

• All possible navigation instances are 
handled in at least a rudimentary way

• ITT doesn’t test code; tests 
capabilities

• All ITT developed tests are available 
for regression testing

• Basic set of unit tests will be available 
for all test sites

Test Suites

• Four Test Suites: (1) Basic Navigation, 
(2) Traffic Interaction and Obstacle 
Avoidance, (3) Traffic Law Compliance 
and (4) Mission Level Testing

• Each suite ranges from unit tests to 
complex combinations

• Mission Level Testing combines 
elements from the first three

Field Trials

• Based on Technical Evaluation Criteria

• December 06 - Basic navigation

- A1-A12, C5 (Road following with 
sparse waypoints)

• March 07 - Basic Traffic and Advanced 
Navigation

- B1-B4, C1-C6

• June 07 - Advanced Navigation

- D1-D9 + 60 Mile Test

- DARPA Site visit

• Summer 07 - Bi-Weekly Field Tests

- Final preparation for race

- Handle issues from previous tests

17
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Program Summary

Team Caltech: Caltech/JPL and Northrop Grumman

• Caltech campus: Faculty, students and staff

• Caltech JPL: Robotics and software researchers

• Northrop Grumman: Navigation, systems engineering

Key Deliverables

New technologies for mission and contingency management

• Reason about complex, uncertain, spatio-temporal environments 

• Decision-making for safe and efficient execution of autonomous missions

• Contingency planning for operation in complex uncertain positions

Distributed sensor fusion, mapping, and situational awareness

• Extend prior work at Caltech/JPL to work in a highly dynamic, urban environment

• Multi-layer decomposition of sensed environment with multi-level planning

Real-time, optimization-based navigation

• Extend previous work at Caltech/NGC to handle moving vehicles, traffic laws
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